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The Cryogenics Test Laboratory, NASA Kennedy 
Space Center, works to provide pn c i a/ olu i 
I w mp ratu p # while focusing on 
long-term technology targets for en y 1/i i n 
cryogenics on Earth and in space. 
3 
y 
KEN NEDY SPACE CENTER 
4 
C yoge cs Lb 
KENNEDY SPACE CENTER 
Thermal Insulation Systems Technology 
./Materials 
•Foams, bulk-filt blankets 
•Multilayer insulation (MLI) 
•Aerogel blankets, 
AeroFoam, AeroPiastic, 
composites 
./Testing/Methodologies 
•Real-world conditions 
• System thermal 
performance 
•Experimental and design 
approaches 
./Applications 
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•Design and analysis 
•Standard test methods and 
material practices (ASTM) 
•TISCALC (design tool) 
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4. Ma erials and Syste s 
5. Thermal Performance and Testing 
6. Future Materials ar.td Applications 
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- E = mc2 
• Energy relates to temperature 
- And temperature relates to energy 
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hot side to the cold side. 
• 3rd Law: Absolute zero is a hard stop. 
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Flow of Thermal Energy 
0 C point 
-Heat Flow 
,/Heat flow begins when the two objects are connected. 
,r Does heat flow stop when the connector becomes steady-state? 
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Apparent thermal conductivity data (k-values) for different 
cryogenic insulation materials (293 K /77 K) 
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• There is a hot side and a cold side 
• The energy will balance out 
Heat is the enemy! 
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• Thermal Insulation System (TIS) 
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c) System density or weight 
d) Cost of labor ($$) and materials ($) 
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• Overall k-value for actual field installation 
- koafi 
- Often one order of magnitude (or more!) higher than 
reported ideal or laboratory k-values 
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a a , main nance, an rera · 
considerations are the key for determining 
overall cost 
·&'fi -Life cycle considerations 
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- Glass bubbles, Perlites, Aerogels 
• Multilayer insulation (Mll) 
• layered composite insulation (LCI) 
• Structural composites of all kinds 
• Vacuum insulated panels (VIP) 
• Phase change materials (PCM) 
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- US Patent 6,967,051, "Thermal Insulation Systems" 
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- More aerogel added results in reduced heat transfer 
- Aerogel loading is primary driver of heat transfer, NOT density 
• Improved vibration attenuation 
• Inherently flame retardant 
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*zoom is 300x 
Perlite 
Powder 
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• Measuremen and verif1ca 1on 
• Practicality and reliability 
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C\1.C • Longevity of cold: power [W] 
·~'' v 1 v - Time to reach overall equilibrium ~~ - Time until ambient heating ramp 
G) C!l 4/11/2012 · 32 
4/11/2012 
What are the main factors? 
Properties of individual materials 
Environmental effects 
Thermal Insulation systems design calculator (TISTOOL) 
• http://www.openchannelsoftware.com/orders(index.php?group id=385 
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• Trans e Th a Te er 
• ASTM WK29609: 
- New Guide for Thermal Performance Testing of 
Cryogenic Insulation Systems 
• Patents: 
US Patent 6,742,926 Methods of Testing Thermo/Insulation 
and Associated Test Apparatus 
US Patent 6,487,866 Multi-purpose Thermo/Insulation Test 
Apparatus 
US Patent 6,824,306 Thermo/Insulation Testing Method 
and Apparatus 
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MLI System at HV 
LCI System at HV 
Aerogel Beads at HV 
LCI System at SV 
MLI System at SV 
Aerogel Blanket at NV 
Polyurethane Foam 
Fiberglass 
Cork 
Oak Board 
Frost 
Whale Blubber 
Concrete 
Ice 
tainless tee) 
Pure Copper 
~ 
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Thermal Insulating Performance of Various Materials 
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Variation of apparent thermal conductivity (k-value) with cold vacuum pressure for 
three different SOFI materials: 
-Boundary temperatures are approximately 293 K and 78 K 
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CVP(millitorr) 
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Variation of heat flux with cold vacuum pressure for three different SOFI 
materials: 
- Boundary temperatures are approximately 293 K and 78 K 
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• Packing rn thodologies for consistent performance 
• Re-use, Re-cycle, Re-purpose 
• Embedded wireless sensors for total thermal 
performance tracking and management 
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• Passive Systems 
- Cold Stowage Insulated Sample Bag (Double Cold bag) 
- Ice Bricks Assemblies 
• Further information: http:Uwww.nasa.gov/pdf/478102main Day2 Pllm IP JSC ColdStow Hutchison. pdf 
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Outside the Space Station Processing Facility at NASA's 
Kennedy Space Center in Florida, cold storage team 
members cart on International Space Station experiment 
cryogenic freezer called a Glacier unit, for transport to 
Space Launch Complex-40 at Cape Canaveral Air Force 
Station. The unit is for on experiment late-load 
demonstration test with Space Exploration Technologies 
Corp. SpaceX Falcon 9 rocket and Dragon capsule. 
http://mediaarchive.ksc.nasa.gov{search.cfm ?cat=225 
41 
~I 
,/'Selectable temperature range from 
-160° C to +4°C 
,(Heat rejection power r.J375W at-
160° C minimum temperature 
v"'Four trays each accommodate up 
to 2.8 liters (11.4 liters total volume) 
4/11/2012 42 
./Cold bag accepts up to 14 Ice Bricks 
./Ice Bricks available in melting temps 
of +4, -26, and -32 oc 
./Example hold time: 232 hours with 
12 Ice Bricks at +4 oc 
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8. Why do aerogels work so well at insulating? 
9. What is the best insulation system? 
10. What are the 3 ingredients for improving thermal 
effectiveness of the cold chain? 
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6. What are the two main n.:.::w 
te dy-state { ought speaking) and transient (cooldo nan armu ) 
1. What is the R-value and k-value for an oak board? 
1 [BTU-inrF ft211 and 144 [mW /m·K]. 
-- - -::z:::_"J' 8. Why do aerogels work so well at insulating? 
The pore size is very small (nano-scale). 
9. What is the best insulation system? 
The one that does the job (thermally & mechanically) for the least cost over time. 
10. What are the 3 ingredients for improving thermal effectiveness of the 
cold chain? · 
Materials+ Testing+ Application (tota l system approach) 
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